Homozygosity mapping is a powerful resource for mapping and identifying loci and genes responsible for autosomal recessive disorders. Nevertheless, it could result in the identification of several homozygous regions unrelated to the disease locus or non-informative regions. Previously, a genome-wide screen in a large consanguineous Jordanian family allowed us to assign the DFNB33 locus to chromosome 9q34.3. Sequencing of 23 candidate genes showed 11 SNPs in a heterozygous state in affected individuals. These results ruled out the candidate region on chromosome 9. Using additional markers, we were able to restrict the disease locus to an approximately 14 cM region at chromosome 10, located between markers D10S193 and D10S1784. A maximum LOD score of 3.99 was obtained with two markers, D10S199 and D10S220. The screening of two candidate genes, CX40.1 and FXYD4, failed to reveal any disease-causing mutations.
Introduction
Up to the present, at least 52 loci responsible for autosomal recessive non-syndromic hearing impairment (ARNSHI) have been published and 26 genes were identified (Hereditary Hearing Loss Homepage: http://webh01.ua. ac.be/hhh/). Most of the findings were made by studying consanguineous families using the identity by descent. However, this strategy faces two major problems: the presence of partially or totally non-informative markers and the identification of several homozygous regions unrelated to the disease locus that may lead to a mis-localization.
In this study, we reassign the DFNB33 locus, previously mapped on chromosome 9q34.3, 1 to chromosome 10p11.23 -q21.1. Two candidate genes, CX40.1 and FXYD4, were sequenced but found not responsible for the disease.
Materials and methods

Family data
The Jordanian consanguineous family under study has been described earlier. 1 Briefly, four patients present a prelingual ARNSHI.
Genotyping and linkage analysis
A genome-wide screen was initially carried out for this family in 2002. 1 Additional fluorescent dye-labelled microsatellite markers were genotyped using an ABI PRISM 3100-Avant automated DNA sequencer (Applied Biosystems, USA). We used the True Allele PCR Premix (Applied Biosystems, USA) according to the manufacturer's instructions. Two-point LOD scores were calculated using the MLINK software from the Linkage package v5.1. 2 Hearing impairment in the family was analysed as an autosomal recessive trait with full penetrance. An estimated frequency of 10 À4 was used for the disease-causing allele. Meiotic recombination frequencies were assumed to be equal for males and females. The polymorphic markers' allele frequencies were assumed to be equal.
Candidate genes analysis Twenty-five genes were screened for the presence of genetic variants by direct fluorescent sequencing. Primers were designed in the introns using primer3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi).
The resulting PCR products were fluorescently sequenced using the ABI PRISM BigDye terminator cycle sequencing reaction kit and loaded on the automated sequencer (Applied Biosystems).
Results
Sequencing of 23 positional candidate genes at the originally localized DFNB33 locus on chromosome 9q34.3 showed 11 single nucleotide polymorphisms (SNPs) in the heterozygous state in affected individuals ( Figure 1 ) allowing this locus to be ruled out as the true disease-related region.
Reanalysis of the results of the genome-wide screen showed another semi-informative region on chromosome 10. Screening of 11 additional microsatellite markers allowed us to find evidence of linkage at markers D10S208, D10S199, D10S1791, D10S196 and D10S220. Linkage was confirmed by two-point LOD scores with Z max ¼ 3.99 at y ¼ 0.00 for markers D10S199 and D10S220 on chromosome 10p11.23 -q21.1 (Figure 2 ). The homozygous candidate interval, flanked by markers D10S193 and D10S1784, spans an interval of 24 Mb (http://www. genome.ucsc.edu, May 2006 assembly), which corresponds to 13.8 cM (http://research.marshfieldclinic.org/genetics). Sequencing of two candidate genes, CX40.1 and FXYD4, did not reveal any potentially causative variants.
Discussion
In a previous study, the DFNB33 locus was assigned to the telomeric side of chromosome 9q34.3. 1 The absence of pathogenic variants in 23 candidate genes and the presence of 11 SNPs in the heterozygous state in affected individuals prompted us to conclude that the region published on chromosome 9q34.3 was not truly because of identity by descent but was rather homozygous by Re-assigning the DFNB33 locus H Belguith et al chance. Further work-up showed the linkage to chromosome 10p11.23 -q21.1. Four other loci and three genes for inherited ARNSHI have been mapped earlier on chromosome 10 (Hereditary hearing loss homepage: http://webhost.ua.ac.be/hhh/), but none of them belong to the interval assigned to DFNB33.
Owing to the limited number of meioses, the genetic region for the DFNB33 locus is large with more than 75 genes, making identification of the causative one difficult. Moreover, this region is duplicated, complicating the search for causative mutation. Among the known genes, CX40.1 belongs to a family of connexin proteins. Several different connexin sub-units were reported to be expressed in the mammalian inner ear. 3 candidate genes showed no pathogenic variations.
In conclusion, we have reassigned the DFNB33 locus to chromosome 10p11.23 -q21.1. Our results confirmed the limitation of the use of identity by descent in mapping genes. Semi-informative or non-informative regions should not be discarded, and the absence of informative microsatellite markers can be contoured by the investigation of SNPs alleles.
